BEST AVAILABLE COPY 



(19) THE KOREAN INDUSTRIAL PROPERTY OFFICE ( 
(12) PATENT APPLICATION PUBLISHED (A) 




(51)° int. CI. 
H03D 3/00 



(11) Publication Number: P1999-003241 

(12) Publication Date: 15 January 1999(15.1.1999) 



(21) Application No.: 10-1997-027069 

(22) Application Date: 25 June 1997 (25.6.1997) 



(71) APPLICANT: 



(72) INVENTOR: 



KOREA ELECTRONICS & TELECOMMUNICATIONS 

RESEARCH INSTITUTE Jong- Yong Yoon 

416, Maetan-dong, Paldal-gu, Suwon-shi, Republic of Korea 

Min-Goo KIM 

Yuwonbosung APT. #606-806, 1265, Kwonseon-dong, 
Kwonseon-gu, Suwon-shi, Kyounggi-do, Republic of Korea 

Deok-Hwan, KJM 

581-1, Jukgeon-li, Suji-eup, Yongin-shi, Kyounggi-do, Republic 
of Korea 



(74) AGENT: 



Kyoung-Ha LEE 

Samik APT. #13-203, Cheongdam-dong, Kangnam-gu, Seoul, 
Republic of Korea 

Young-Hee Jeon 

34, Gajeong-dong, Yusung-gu, Daejeon-shi, Republic of Korea 
Hyung-Jin CHOI 

Woosung APT. #6-903, Jamsil-dong, Songpa-gu, Seoul, 
Republic of Korea 

Keon-Joo LEE 



(54) TITLE OF INVENTION: SYMBOL SYNCHRONIZATION CIRCUIT FOR 
RECOVERING FM DIGITAL DATA IN AMPS SYSTEM 



[ABSTRACT] 



The present invention relates to a symbol synchronization circuit for demodulating 
FM(Frequency Modulation) digital data of AMPS(Advanced Mobile Phone Service) having 



integrating and dumping unit, more particularly, the symbol synchronization circuit includes a 
linear interpolator for tracking a symbol central transition point among fixed sample signals 
according to a predetermined interpolation value, a time detector for detecting a time of the 
tracking signal, a loopfilter for loop-filtering the detected timing signal, an oscillator for 
providing an interpolation value indicating interpolation point between next samples in the 
rotational interpolator and having + value during a half period of a symbol and - value during 
another half period for manchester decoding a converted point value of symbols or each of 
samples in the integrating and dumping unit. 
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£iEl|3eilS^ SH ^bigh 01IOI^II|OilAAl>^S£j OilH^ ClXlg QIOlEi ^Me:?lsl^01l 2^CHAH. 
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Z3 



£ is ^^l-ellol^^^^a^l UEiyi m^s 

£ 2^ QlOia £iO| ^^^HM ^g^^ ^M^^2l^°l UEftd 

SE 3B e ^Al OllOi! mm ^m^^\3\^0\ OilH^ PZ|g ^S:?|°J UEftH 

£ 4^ SE 3g QlOia 2101 EfOlijS^¥°l ^X^l^^2i UBti! 

SE 5a^ EJ^Hh^OI ^^^£1 3^011 aiH-^li PIOtEj SOI ^^W^9\ UBUl £S 

£ 5b^ ej^mioi eH@ QioiEiei 3^011 ejH-?ij qioiei aioi *^^h£j u^yi ses 

£ 6a^ a^Ef^OI ^^^£1 S^Oll CH^^ ^\^-^ m\B 2101 ^^^H°i Ail 1\J\ E.lH7i|oi^SMi bUHe^OI U 

£ 6bfe ej^nh^oi Qioieioi s^oii cHg.^ aiH-2« qioiei 2101 *^^noj ^^^^ :,^x| E.iH:>i|oio^Mi Hmo\ 



^ Ol^^ililAi^iiyoil 2A01AH IS-95 ^^eH(dual mode) ^^^011 Oil 01 ^ HI Oil Advanced Mobile Phone 

Service: 0lo^ AMPSSI Oil (Frequency Modulation: om FMOiei ^^ ) Clll^ QIOlEi 4^6i:?ie 

:?l£l^Oil ^ol Hg^ ^MD ^ 0\J.\^ ^Me^lsJ^Oil 5iOia. 

£ IB ^d|-ai01M(early-rate)E^^Oil SJ£[ ^M^^siS°J UEftd M^£OID. 

AMPSAi:::hgjoiiAH°i eHxii>^Ei m^oie^ 2^°i ^ ^Mif ^^Moi ^i^^ 2 

^h«{early)^Oil^ §^2J &^^:'IOil □i^^ 'SSfm. late)^Oite ^^Oil V^S:2fe H&A|^ ^ 01 

£1 gcHs^oii D^^^ mo\o\ Boi°j oiidH^ s^^^a. old^2^ ^ai^oi::'!^ a^xl&^ ^Mi^ 

s ^^011^ ^gX|gOi|AH°i mtl, ^ in§+0| ^6^D. OIIM eOi CUS^ei o^^^^^^;ile! BBA(Base Band Analog)2^ 
& 4^MSAH. ^^ S^Oii oH&^^a. 

5£^^ ^Xll oHjc^l^Ei^H Ilh§OI Oigi^CsymfnetricjoHI ^a^01 BOIS gi^ ^^Oil£ bIDiiJ ^2i(non 

2 



symmetric) m^^^ eioH 0\\B\tlS.:>\ 3Cf. 2| &Xt ^# 3^ OiaH 

^gXiaOl ^^1^ ^ 2iOi ^aieig ^^^^ XI32i01l 0>af 4^g^^EH:?F BBfaD. §£M 

3^ Efoiijsa oH^^s ^x-ll:'^ 3D. qai mmM, i^mhi E^o|?JOlls^:?^ gii^^o^ o.25t(t^ ^m^:^i)°i 

OildHM 01 ±2i ^MS§2f§01l>M°j Oliai S^gOl DH^ ^ SJlf^H^ <Msa] &eb|(Signal to Noise 

Ratio: 0|6^ SNROIEf BOIiJ Xl&Oil °ief dIM Oiiaie(Bit Error Rate: 01^ BERO|E> S^. ) ^^mQ. 

£ 2^ QIOIQ aiOl ^^^H(Oata Transition Tracking Loop: 0|6f DTTLOIEh ^M^^aJ^SI UB 

Oi&Q. ^MS^OI g^ol SSSXfXISOll aiM 3^ ElOliJOlieH^ 001 aCN, S § 3X^X1 § oil /H SlOILte OiiaH<MsS 

:*it<:L^^D.- oiai& ^^^b ^^01 gol6^3 ^di-aioi^ ^^^oll hioH D:^^: bicHij^oiaf^^ shcnafs 

blB^ evg^to^ ^^^Q, naiU OTTLS ^M^XIS^ SSSXtXIgOil mX\Md\^ ^^^0|H^. ^mh m^if 

^^Sl^\ Oi^D. £E& DTTL^ NRZ(Non Return to Zero) m^m D[B ^m.m 510|H^, 4^#2j EiiX-il^^EI m 

m°\ S^Oil^ ^ D\^Ci\9k ^M^^2^ S:*llOil>H §§3xF§0| ^:i|H^ Ulinm01 -101 s 
:i|oj §^^011 DIoHvM^ ^^gXISOl 0.25T— 0.25TM X^|g^£j^ ^XIISOI 910 . 



m^H ^ oiiomnioii>iA!:i:UOiiAi2j FM cixi^ QioiQ Oil AH °j oiiai mmm 

01 SNR §y eoi^' XIE101I £ie^ ber ^mm si^sfsfe xii^^^oii 2^q. 

g^SPI e £JEll3aiSi eij Qn^s 01IOI^II|Oll>iA| ^r^Sj OlIH^ ClXlg QIOIEl ^ 

•SM ^M^:?i£i^oii gioiAi. sz^g^oii D>a> 3§ Ahoi°i ^mm^ ^oixig^ ^^moi 

^^Sh^ <!HgSZf¥£f, 4^:PI #^61^011 CH£^ BOIiJe S#3f^ BOISa^^Sf. EFOIi^'^isM ¥H^Eli! 

6fe ¥H^E1£F, <y§^Zt:?l01l ^MZ^H) S^^XI§^ Xl§6te SZ^Si^ Xltgohffl, ^^:7| ejEl!3fillSi eil 

01! ^Me^si ^s^xi§g;t §^ ^ ^Moii 012^ eHx-ii>^9 P3SM ^n\o\ ^M°j eeh^ udixi &f^:'i 

§£^B -ste m^m xii^ste ^£i:?is ^^ee ^s^^ §hD. 



M aiOlAl, Sri^MOll e^oHAlfe bt^ OB £S^^01| SAItlCHdFS ^ ^sM 91-XISE 

m aieoii ^sioho^ ^^a. SE§^ 6Pi ^sou/h^ si^si ^x^ m^m^) ah^moi 

UBU3 Si^QI. Ofe ^ ^D- ojoHM ^oHAI Xilg^ 0la^^^ ^§ Ahg^M glOl^ ^ 

01 ^Am ^ 01 ^o\mH m^s\ x\^m xmo\\^ xhssha 1.^ ^loia. 3ai3 ^ ^^sm ^s^^oii si 

01. gXI :'|^ CH£h :px^l^2J ^SOI e ^^S2| fiXI^ ^^fi6h:HI ^ 2iD3 3^ 3 

£ 32 ^ ^^S£j ^Ai oiioii me ^gsb fm pxig UByi m^soiq. aokhz^i 

e ^^£!:'ioii ^ioH ^mq ^^6J^^ FM^s:'ie mi^nm ^m^^^, ^ ^^ei <iis:?f 01 <m 

eHx^l:^a m^oii gt^:>l! i^m^:3|(4^m^ 5?,^5^□.) □3a:il^ eAioii eiEioaia! en ssoiiah oiE^tnen 

St! 2H gngo^MI Sj^^oi QIOIEl OI^OiaCF. 2E§^ g ^AlOilOll CQ^ &'M^:'lslS^ ^§£J ezfg^ 

M-Oll EQdf 3§ A^0|2i ^M^i>^ £!0|XI§e ^^ShOj ^^^Isg ^^Ste 342F. 

oil CH^^ BOl°Jg a^6te BO|gJS^¥ 352f. S^El Ef0|?J6J^M ^H^EdHSffe ¥^^6i 362^, :^0| ^^S2i:?l01l 
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eeL^B :?hxii2 LfCHxi ge^a -ate xiisste ^5!:'I(nco) 37^ ^^^cf. 

LL-DTTL BOISS^^fe. E>OI S S^^M^M X-|llX^ X|2!ofe Xil1XI2¥ 422f. 4^:?! Mm XI2@ BOISS^iiisM 

x-ii2xh xt^ete Xii2xi3¥ rfeoi xii 1 M2X[ xi2@ ^1 EFois soii Qi& ^Mm^^ ^o\x\mm mmn\o\ x-iii 

sh:*! M)^t^x\ 47i2[, 4^:^l m^m xi^oh^ xiiaxi^^ 48:i^, x-ii3xi2¥ ^^oit o\^m sgsf 

ji§ ^M°i 2dH m^o[D\ mm x-ii2^?j^i 51^ ^^8D. 

£ 5a^ m^OI ^^^2" 3^011 CH£t LL-DTTL2J e^^s UEfHi £ 5b^ gJ^m^OI ^@ ClIOI&oi S^Oll 

□12^ LL-DTTL2i M^^s UBti! 5!0ia. 

£iH<Mm^o)i ¥oi5fe ot^o^ 4^^o^l a>df ^gm>iu so ji^^ A^m^o. ^^^01 gj^s^ :)izimo\\^ 

*e 1^ 3jOI ^£|SFQ. 3£HU lO^M^ goH 0\h^ §SE ^^0| O|^0i& ^(± 0.5T Oim) m^mO\\ CHoHA-i 

a. LIOI dIH, L2:?^ UEftdD. 

£ 6a^ gj^ miOl 3^011 LL-DTTL°I ^^^s All :ihXI £1 H :HI £1 ( I ead gain)^^M1 dUnShOI UByi 5^01 

in. £ 6b^ Ei^m§oi QioiEie] s^oii cus^ ll-dttl^i e^^^ a-ii :?hxi aH:Hiei^^Mi uijnoK)i uEfyi ^o\o. 
^^^\^ ^^m £3 - £6^ srsohoi e ^Ai oimi [Ef^ ^mm::'!^^^ ^^"-^ ^ss^s ae^h ^cf. 

<y^S2i¥ 34^ II§ <:ii^AfO|£j ^g^g^ 2!0|XI§^ ^^l^hQK <Hgs^^¥ 3401IA1 Se^Slfe ¥ 



^M°J ^^eK)i DHxii^iQ cisiiM oi^^^ci. 0121 iifiieeiB ¥ 
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34011 m^s^, om ^mzisj UEf'm^ 

m dliS!SH(reset inode)^ ' 

iL>i'oi g^oii^ ' 

BOlgiOlieH 3501! CHSK)^ ^Xll^o^ ^SShS Cfg^f ^Cl. 

^^:>1 &0IS01I&1 35^ DTTL^^^^ 4^M°I &h;^i|>^e1 HfgOll ^g>B ^EH^ 510ta. ^ LL-DTTL^ 

>ioicj|, oi£■^^^ LL-DTTL ^HB-I^B 23 ^m^HXimm ^ 01 x| ( S.1HZI § . ^^JJH 

2^ 5JCI1X|(2±!, UieiJRH ^MX|§)01IA1 :4l<^L^6feCiL eiXH dl^OllAl ' 

lT|:-o.25r. t4101l H^M Hl^ohDI ?ij¥^2i -iJDlxlOllAl^ SE 5a01l £A1^^ ^01 ' 

ixi^o.asT-' Lnoii goQii oag^ e^gfQ. oi ¥^oiiAH sgjnxh:?h m^m ^mB ioioiai £ 5011 sai 
§^ bh2f ^01 eHS6i^:'h ^xii ^^^SHoiiAi^ eiHoii uioH oi^oi 2m:^\ bo, o\m ^ ?h°] §se olg^^ ^ 

L2- (3r Ll 



^ k^roi 4:?H°J ^MOll Dl^^ 

a..;, a../. a..;}01l 01 g.^ LL-DTTL2i DOISOlIdH De:2f ^D. 
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^m. MM ©01^^ iiEmo\ zfBsra ^D\\^o. o\m ^B\o\ o^k^^-7ciii^(oim 

A/D£f i,^)^^2l Eioi?,'^ ^isfe ^^01 o^y 2i§ ^^^^ g^^sfe ./D^&:)|oii £|oh ^i^^^ ^mb ^m. 
oil am ejEiiaeiiSL! sh^si E}o\^m ^^sfhmmi oi^sfe ^e^D. ^se£ o^^^3<Ms£j ^ 

¥lo}j eXH Ahgam Si^ 40kHz(BBA2°] AMPS°1 ^M^S:'^ lOkHzOIH^ 4^M)LH011AH 

^ Sioa^ ^^4^°J 3imo\ GH^ BD. EESh CIXI^^iSxH dt:'l (Digi tal Signal Processor: DSP)Oil ^MM^IOjs^ 

mm. m^^^^ APMSE^OII/H a^Si^ FAR(False Alarm Rate)OIU WER(Word Error Rate) e>^A|3i:?| ^oH ^M^:?! 

s^s^o^ 212^ BER ^sfM ^:4^sfoHot EEe^ sH3c^|>.ei ssgoi m^o\Q\ 

& 4^MS^0|H^ EfOlgj 4^§0| ^CH^ &ei01l il^ /4 ^M^:'IBhM2| ^ZiQ. 35HH^ JUIOISOIU &g 

§011 £joH ^^Sh^ EfOISXIEi^ U[k BER°J ^2^2^ ^SSH^ Oie Jl^mO\ 2.B^'0\ DH^ 91^^21 s\^2\ ^ 

^m. M^tiissj Moioii cixig<Ms:>h ^oi ei^ses ^[^^^ Bm msimo. SE^^ amps 7?^oiiai ^x-ii 

□IOIE15101I ej^g^'io:H°i se^^ ^cn^^ oigsfe 5ioi ^ssm. 

^^:?l H&l AhS.^^ ^ ^eiJlHSf M\^M ^SZfOlfe ^ei!0|H-SM(trade-of f ):?^ ^XHS^O. 

e ^S21 &^A^i^^ ^SOilAlfe =?Xm91 ^AlOilOll aSH ^Sm^oU. e ^goj ^^OlIAl 5!01UXI S^^ S^SUIOIIAH 

o\^^:)[x\ ^mo\ mBO\z}. aene^ ^ ^S£i ^aioiioii ^^^o\ Sohxiai^ s^goi ^^sfe 

^ai4^?°J 91 0\Ud} 01 ^SlS?£j a?l2f ^^^h 5IMOII £|oH sshxio^-s^q. 



£ ^xiioii imm 2io\ mm s^^^^ehm 4^ -Si^Di. ll-dttl ^nai^^ oig^^ Efoi 

soiiEH ge^ USE ^ii M^oii 4^M£j oHx^l>^El Il^§oll s^^oi ^Me:?i£jSM ^:hi ^^^^ 

4^ §-^01 2iD. 



(57) 

1. eiEiinaia! en e^^M ^bi^^ oiiomnioii>:Ai>igj°i oiim^ pxig qioiei 

2i01Al. 

^§°J S^^g;t01l CCfBI IQg A^OI°^ ^Me^^ aiOtXISe ^^5K)1 ^^oh 

Ah:)| ^5j<Ms01l CH^^ EfOl^g SaSte EfOISSa¥2f. 
BOI^jtlsM ^n^E^eig^^ ^H^E12^, 



<y§s^^:'lo^l om szfxm^ xisafe xilg8^ffl, eiEnneii^ e" a^^oii ^m^isi 

sy ^Moii CH^^ 9Hx^l>lEi ci^g^ mnm ^msi m^is :>n\ii ucuxi ee^^ -^m d\ 
xfe m^o^^ ^^^M ^so^ ote 

g^s^ 3. x-iii§>^oii siCH/d, Boisa^^^, 

M^ ^ mx[ xi2^ 2i Efoiss^^i^oii D^^^ ^Mei>^ 2!oixi§^ B^moj mi x-ii2e.^^<msm mmm^ mm 

:?^<^L^:?l m^m us 2m m^m^\ x-ii2>^^xi^ ^^^^^ m^9.m 
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